
. 
t - 7  

* . L ,  ,. - 
b TAPCO <iI ~ ls lo f l  .- ._ ___I 

Thompson Rsmo Wooldridge Inc. 

IiEW PRODUCT RES?&?CR of TAPCO 

OTS PRiCE 

XEROX $- HlCROFlLH $ 



f 

Monthly Progress Report No. 6 
January 15, 1963 

Thia  docuBent rcprescnte the sixth monthly report covering the vork on the 
exper-ntal program fordevelopment of an "Osmotic S t i l l "  - and improvements 
-&XI the perfonnaace charactcrirtice of the Ionic8 LRral Membrane- 1 C e l l  3 
during the month of De ceniber 1362. 
under NASA-lsWis Rceearch Center Contract No. NAS 3-2551 by the New Product 

a6 a 8 U b C W t I 2 3 C t O r  tO T m O .  

This development mrk  is being accomplished 

Research Departnrent Of T m O  

I1 O ~ P R m E S s  

A. Tapco Portion of Program - 
1. 
the American Machlne and Faundry A& Anion membranes. 
tests were ini t ia ted by drying the membrane6 prior t o  installation 
in tk laboratory t e s t  model s t i l l .  
treated the i n i t i a l  membrane "sweating" described in Monthly 
Progress Report No. 5. During these t e s t e ,  the membrane temperatures 
ranged f'rom 175- t o  X)m and the Ph of the condensate was f r o m  
4 to 5. 
(approximately 8 cc/hr f t 2  a t  best). 

A t o t a l  of f ive (5) successiul tes te  were completed with 
These 

This drying procedure pre- 

Hmver ,  water extraction rates were extremly amall 

2. 
early in the course of the above t e s t s  and were recoated w i t h  
Teflon, uti l iz ing a 20 percent dispersion t o  produce a heavier * 

protective coating. This header coating, however, was also 
f'ounci to be unsatisfactory as c ~ t h u e 6  c ~ r m - a l o n  resulted. 

The Manelaeta1 support screens showed extreme corrosion 

3. Investigation of Kei-F rion-kxttiiig protective coe%ings m s  
pursued and Kel-F dispersion material has been receive6 f o r  
testing. 

4. After repeated failure of the acid vane type p u q  in the 
test rig,  a parastalt ic type pump was instal led.  Initial t e s t s  
v l th  hypalan tubing in this pump indicate tha t  it Will be 
satisfactory for future teBt6. 

1. 
are nuzaing higher than originally planned. 
for  the remainder of the contract are such as t o  complete the 
work on t i m e  and within cost, however. 

Taslr I11 has not progressed 88 rapidly as expected and coets 
Revision of plans 

2. A subcontract wa6 written with Arthur  D. L i t t l e ,  Inc. t o  
evaluate a l l  metallic and plastic materials that  might be 
resistant t o  contact vlth 6~ H2S04 a t  95%. This subcontract 
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B. I d c s  portion of Program - Cont'd 

also covers vork an reducing the electrode-membrane resietance. 
h l l m l n a r y  Investigations shuw t h i s  i s  an area which may 
contribute substantially to impraving performance. 
date cm thio subcontract indicates the possibi l i ty  of satisfactory 
resistance of Kel-F, Silicone rubber, and goldplated copper. The 
tes ts  are still in process however. 

Work t o  

3. Clevite C o r p o r a t i a n  In Cleveland ha8 undertaken manufacture of 
sample sintered electrodes in an ef for t  t o  imprave unifonaity by 
d i e  pressing. 
received. 

Electrodes have been made but have not as y e t  been 

4. 
has been essentially canpleted, and screening t e s t s  on single ce l l s  
can now proceed. 
accumulators constructed and installed on the equipment. 
previous acid sccmulator was a constant source of acid leakage. 

'Be construction of the testing equipment and instrumentation 

A new acid accumulator was designed and I 2  
The 

5 .  In  addition t o  the eight cells reported on i n  Deceniber, SIX 
new cel ls  have been subJected t o  i n i t i a l  screening tests a t  60% 
to evaluate paste electrodes and a nev Kel-F sintered electrode 
as vell aa a new "tight" mmbrane. 
disappointing, due, we beUeve, t o  liquid accumulation in the gae 
comp-nts. This, ve believe, is due to  direction of gas flow. 
Further analysis will be conducted. One c e l l  operated sat isfactor i ly  
for  1344 hours before t e s t  dlecontlnuation. 

Initial performance was 

6. Principal materials fo r  construction of subsequent test cells 
are now on hand v i th  tbe exception of &the +&at mezbrzae~ and test 
electrodes under development. 

1. Although aucceesful tests w i t h  the AMF' Anion membranes were 
obtained, low Ph vater (Ph 1 and 2) is obtained upon i n i t i a l  startup 
after overnight shutdown. 
9 af'ter a so-called "cleaning-up" period of from 2 to  4 hours. 
Additional Investigations t o  reduce or ellminete thia start-up 
phenomena I a  necesaary. Apparently the membrane drying procedure6 
followed a i d  the eventual clearing up of the l l m a t i n g "  phenomena 
but does not completely eliminate i ts  occurence during the ini t ia l  
period of test. 

(See t e a t  U a t a . )  This Ph rises t o  4 to 

2. 
screens requires inveetigatlon of other protective coatings. The 
Kel-F coating material appears p ~ s i n g  as a moisture proofing 
agent and ita use is being pursued. 

Failure of the Teflon coating t o  protect the %ne1 metal eupport 



A. Tgpco portion of - Cmt'd 

3. 
in nature. 
r i g  baa solved this problem. 

The acid vane type p u g  failures to date have been mechanical 
Th& substitution of a parastal t ic  type p w  Ln the test 

1. AB reported b 6 t  mth, production of Uniform, sintered electrodes 
remai~8 a current problem. 
resolve this:  
8-k electrodea pressed and sintered in a die; Arthur D. Little, Inc. 
is experbenting with appllcation of the electrode t o  the membrane; 
Ionice is experimenting w i t h  modifications of the electrode paste 
utilizing Ecel-F W c h  w l l l  allow manufacture of electrodes a t  lower 
pressures and temperatures. 

Three approaches dse being pur8ued to 
C l c v i t e  Corporation of Cleveland is elrperhenting vith 

2. 
i n  the tasts a t  60T. The cause of this  liquid transfer from the 
electrolyte compartnsant is being investigated. 
rechecked f o r  leakage, and th i i  does not appear to be the cause. 
Pressure t es ta  on the ce l l s  prior t o  screening tests indicate no 
internal cros8 leaking. 
effort t o  eliminate this problem. 

Liquid in the gas canrpartments has been experienced particularly 

Membranes have been 

Different membranes v i l l  be t e s t e d  in an 

3. Corrosion remalno a problem a t  elevated temperatures. In  addition 
t o  the work a t  Ionics, a professional corrosion expert a t  Arthur D. Little, 
Inc. is working on the solution of t h i s  problem. 
design changes ham been discuoeed which might eliminate the need fo r  
metallic parts other than the platinum electrode. 

Preliminary fuel c e l l  

A. Tap- Port im of Program - 
1. 
of the W e 1  metal support ~creens.  

Establlsh Kel-F coating techniques to eliminate or reduce corrosion 

2. Initiate psrfonnance test8 of the AMF Cation membranes C-60 and C-103. 

3. Procurement and t e a t  of a third manufacturer's membranes. 

13. Ianics Portion of Prograar. - 
1. 
dual membrane fuel c e l l  WlU be completed during January. 'Rwse 
results wlll serve a0 the basis for  improvement under th i6  contract. 
Tests WIU IH run at  30% and 60%. 

Test8 t o  establish the present characteristics of the original 

2. Material tes t ing work a t  Arthur D. Little, Inc. Vill be completed 
during the next mth. 
components of the fuel c e l l  should be selected. 

Suitable materials for organic and metallic 



B. Ianlce Portion - of Program Cont'd 

3. 
C l e v i t e  should be comp>leted; and i f  a satisfactory electrode can 
be made by the Clevlte process, 2" x 18'' electrodes w i l l  be ordered 
snd subjected t o  test. 
agreed to prepare such sample electrodes for  us a t  a modest cost. 

Initial sample screen- testa on 2" x 2" electrodes from 

The 2" x 2" size is  being used since Clevite 

4. Weening tests  w i l l  be run 0 ~ 1  meHlbranef3 w i t h  substantially 
lower porooity (U, to  15 angetrome) than the standard membranes 
in an effor t  to reduce Ucprid transfer. 

5 .  
t ion of five-cell battery. Sample bat ter ies  will be constructed. 

I n i t i a l  design studiee w i l l  be made t o  detennine best configura- 

V TESTRESULTS 

A. Tapco Portion of Program - 
1. I n i t i a l  performance tests on the AM'!? '4-60 h i o n  membrane uti l lzed 
the same membranes used in  the p r e U n a r y  tests which were described 
h Monthly Progress R e p o r t  No. 5. 
30$ H f l 4  a t  l7m w i t h  a condensing teqerature of l w .  
extraction rate of 1.18 cc/hr f t 2  was obtained with a Ph of 4 to  5 
ae determined with Ph lltmus paper. 

The nominal t e s t  conditions were 
A vater 

2. The test conditions for  the second t e s t  an these nembranes were 
30$ H2SO4 a t  17503' with a condensing temperature of 155?F. A water 
extraction rate of 3.2 cc/hr f t 2  vas obtained with a Ph of 4 to 5 .  
The failure of a stopcock a t  the condenser uutiet %erd.iiaLk6 ?21Lz tes t .  

3. 
membranes. 
vas due t o  a puncture caused by the edge of the support screen. 
gasket had extruded under repeated bol t  tightening t o  maintain a 
torque of 50 in-lbs and had pinched the membrane between the screen 
edge and the rubber gasket. Also, the Teflon coating had flaked 
off the screen in sone areas and the Manel metal screen W&B severely 
corroded . 

Early membrane rupture prevented a third. performance t e s t  on tfi2.se 
Disaesembly of the still showed that the membrane fai lure  

The 

4. 
trioxlde, sulfuric acid and 7 6  water. They were then coated 
with a 20$ Teflon disperslon and sintered a t  7 0 0 9  for  30 seconds. 

5. 
the freshly coated support screens. A nev gasketing and support 
spacing arrangement was used t o  prevent puncturing w i t h  the screen 
edge. 

The Mael  screens were cleaned In a solution of 20% chromium 

New A-60  Anion membranes Were inetalled i n  the test  un i t  w i t h  
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Tapco PortIan of PrORram Cont ' d 

6. The ngainal conditions for tho ' f i re t  t e s t  on the newly i n s t a l l e d  
A& menibranes were 30$ H2SO4 a t  175OF w i t h  a condensing temperature 
of 1bOOF. A water extraction rate of' 6.1 cc/hr f t 2  was obtained 
with a Ph of 4. 

7. The naDninaJ. conditicms for the second test on these membranes 
-re 3 6  H 9 4  a t  1 7 p  wfth  a condensing tenprature of l2OoIp. 
A water extraction ra te  of 8.0 cc/hr f t 2  was obtained w i t h  a Ph 
of 4-5. This test was terminated due t o  a leak i n  the separator 
seal between the magnets i n  the acid pump. Inspection of the pump 
revealed wear on the separator due t o  misalignment of the magnets. 

8. 
3 6  H2SO4 a t  2ooaF w i t h  a condensing temperature of 18OOF. 
ext rac t im rate of 3.0 cc/hr f t2  was obtained with a F% of 4-5. 
This test  ended Vith the failure of the vacuum l ine  between the 
s t i l l  and the manometer. This l ine wa8 accidentidly overheated 
resulting i n  failure. 

The test  conditions for the third tes t  on these membranes were 
A water 

9. 
was not completed due t o  the acid, vane type  pump fa i lure  which 
occurred Just as equilibriumwas reached a t  a 2OCPF acid temperature. 
A Ph of 1.0 was obtained continuously during heatup. 
of the test unit, it rn found that the vapor side of both of the 
membranes w a s  w e t  at points of contact with corroded areas of the 
s ~ q p c r t  st,ree~?; !!%e corrosion of the screen was evidenced by large 
areas of p e n  crystal  clusters. 

The fourth and f ina l  t e s t  attempted during t h i s  reporting period 

Upon disassembly 

Ionic8 portion of program - 
1. 
to modification and f i n a l  check-out of the t e s t  apparatus, only 
U t e d  screening t e s t s  were conducted. 
attached Table 1 and discussed below. 
identiiying theae ce l l s  corresponds to the laboratory notebook page 
number covering the construction of the cell .  

Since the bulk of the effort fo r  this reporting period was devoted 

These are reported in the 
The numbering system used f o r  

As indicated in last manth'e report, s m a l l  membrane cracks have lead 
t0 c e l l  failures. CellD9723, which was reported as s t i l l  running 
in the report for November, failed t o  uperate sat isfactor i ly  after 
1344 hours due to  excessive liquid i n  the gas chambers. 
voltage remained greater than 0.6 vol t  fo r  more than loo0 hours. 
Examination of the disassembled c e l l  shared small holes in the 
membranes . 

The output 

To overcome the c e l l  fa i lure  described as "membrane drying," it 
was thought reaeonable to  vibrate the c e l l  after f i l l i n g  t o  free 
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the electroly-k of entrapped air and to feed the gases to  the ce l l s  
trrrm the Wtan of the gas chamber rather than from the top. 
avoid6 directing the! stream9 of dry  gas on the membrane opposite 
ttie m e t  l i k e l y  spot for a bubble of gas t o  collect  i n  the electrolyte 
conpartment. Hawever, in the four ce l l s  operating in this manner, 
D9743, D974-4, D9745, and W46 operation bas not been satisfactory. 
Th, customary value6 of voltage and current, i . e . ,  0.6 to 0.8 vol t  
at four -ma, can be obtained only after extensive purging and 
can be maintainsd for only a fev hours. Consequently, the cell0 
vlll be run in the former manner to  evaluate accurately several 
promising variations, while the cause of the liquid accumulation 
w i l l  be anamed. 
promise 88 shown in the table, are t o  be rerun. 

This 

C e l l s  D9739 and D9740, one of which showed 

These resul ts  are not encouraging. However, the principal problem 
seems t o  be largely caused by liquid transfer. 
has been solved i n  other fuel  c e l l  mrk through proper selection of 
membrases, BO It appears very l ikely that membrane evaluatian during 
the next period plus reversal of the gas flow vi11 alleviate this 
conditian. 

2. Wterial'r teetlng to date is sununa,rized in Table 11. 
principal corroelan problers 8haw up at  6ooc, testing ha0 been 
caollfined t o  60°C an8 95%. 

This same problem 

Since the 

The results t o  date are: 

1. 
gains weight and becanes b r i t t l e  and w h i t e r  a t  both the test 
temperatures. Since this material w i l l  be in direct  contact 
w i t h  the electrolyte, it appears a new spacer material m u s t  be 
found. Since Plaskon, a porylaer of Chlorotrifluorethylene, 
seeme to  hold ita wight and appearance very w e l l  at both the 
test temperaturoe, this material may serve a0 a satisfactory 
spacer material. 

Epoxy fiberglass which has been used as a spacer material 

. 2. -1-F, Teflon, and Trilok 6027-1-1 (7346 polypropylene, 
27$ polyethylene) appear t o  reslrt sulfuric acid a t  95% 
reasonably w e l l .  Since resi l ient ,  resistant, highly porous 
filler material may be desirable in c e l l  construction, these 
tests are encouraging. 

3. 
deterieraticm may prohibit i ts use as a collector and pusher 
plate material. A thin coat of platinum or gold may overcome 
t h i s  diff icul ty  since 8- success xith gold plating has been 
experienced at 600~. 

Monel Alloy #400 does not lose much weight, but i t s  surface 

4. 
a small gain in weight, and the sample becanre dark bronw. Since 
these resul ts  contradict ea r l i e r  t e s t s ,  the t ea t  W i l l  be re-run. 
Screening test8 on single ce l l s  w i l l  determine the deleterious 
effect ,  if any, on the discoloration. 

A retest of the 8-02. glass backed cation membranes shated 
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5. 
stood sul3uric acid a t  60% vherees samples plated with lesser 
amount8 of gozd were attacked. A t  95OC, gold thickneeses up 
to 500-600 microinches fai led to produce a hole-free surface 
on the titanium, emphasizing the inherent diff icul ty  of plating 
t i tan ium a8 w e l l  as Its rapid attack by sulfuric acid. Following 
a presently planned review meeting with Arthur D. Little's people 
on January 16, further work on materials wlth little promirse K L l l  
be discontinued. 

Gold plated t i t a n i u m  having &XI microinches of gold with- 

Initial work on materials a t  Arthur D. Li t t le ,  Inc. has indicated that 
a polyester fiber-glaos material and possibly a cast polyester may 
shar satisfactory resirtance t o  6~ H2S04 a t  elevated teniperatures. 
Also, sillccgle rubber is far more resistant than the Buna N gasketing 
material now being used. C o p p e r ,  it has been determined, is attacked 
more s l a r l y  than t i t a n i u m  and is easier t o  plate,  hence serves as a 
better base for  metallic parts if  a satisfactory protective coating 
can be applied. 
axe to be tested. 

Copper st r ips  plated vith 250 dcrolnches of gold 

3. 
were ~ u c c e s s f u l  due to die Wilure.  A new die is being made. 
C o n t r o l  of t h l chees  an3 porosity is the objective of this new 
technique. 

Initial attempt8 t o  form sintered electrodes in a confined die 

Foroeity measurements wlll be attempted. 

Incorparatian of Kel-F i n  the electrode paste and ellmination of 
magnesium oxide has led to a new and interesting electrode fabrication 
technlque. 
used fo r  the Teflon electrode have been possible. 
formerly used to  achieve porosity, has been elilninated since the 
luwer sintering pressure results i n  a less  denrse electrode. 

Irrwler sintering pressures m d  temperatures than those 
Y l e s i u m  oxlde, 

A t t e m p t s  have been made by the Arthur D. L i t t l e ,  Inc. people to  
"blast" the platinum into the membrane. 
and the next effort w i l l  be to plate the catalyst e lec t ro l i t i ca l ly  
or chemically. 
tes t6  cm membranes and membrane-catalyst combinations t o  determine 
relative resistances. 

These have been umuccessful, 

A s m a l l  t e s t  r i g  has been bu i l t  t o  run puick screening 

VI QUALITY ASSURANCE 

A. Tapco portion of Propran 

Generally speaking, the &uauty Assurance Statu0 of the program is 
much the same as reported in December. The T R W p o r t i o n  of the program 
can be considered a~ being on schedule and progressing+ra%iofactorily. 
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A. Tapco Portion of Program Cant'd 

In a telephune conversation With R. McDonald, Quality Control Manager 
of I o ~ ~ c o ,  Inc., we were informed that he has completed h i 6  QuaUty 
Control Manual. 
during the week of January 14, 1963. 
Ionics, Inc. scheduled for  January 15, lg3 is to be postponed unt i l  
March barring any emergency requiring immediate attention pr ior  to  
that time. 
progressing satisfactorily.  

It is their intention t o  have it ready for dgstribution 
The quality assurance survey a t  

It is f e l t  the Quality assurance program a t  Ianics i s  

Dupont ha8 been unable t o  eugply us w i t h  the Pontamine Blue Dye that 
we intended t o  use to check the soundness of membrane material pr ior  
t o  use in the Osmotic S t i l l  because we couE  not furnieh them with a 
rpecific catalog number. 
and grades of Oye known as Pontamine Blue. 

Apparently there are many different types 

Further attempts are t o  be made by our procurement people t o  obtain 
a dye(s) t o  be used on either cation and/or anion membrane8 f o r  
leakage teets.  
t o  pressure te~ting. 

Thio method of testing s t i l l  appears to  be preferable 

The epecl f lc  @ty assurance effort an the contract ha6 been 
teprporarily discontlnued. 
agreement, it vill be reinstituted in Tasks 5 and 6 .  
wwklng B y s t e m  of quality control w88 established a t  the start of' 
the program and is now in effect. 
of the present fuel  c e l l  have been made w l t h  eomp&te specificatione. 

I n  keepiag with the original contract 
An active 

Iievised dravlngs of a l l  elements 

Iosics, as an in-house effort ,  has completely revised i t a  ent i re  
quality cantrol procedure6 t o  meet the requirezuents of NASA. Maauals 
for @ty control are in draft  form and should be available for  
u8e throughout the Company by the end of January. 
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Period Ending December 31, 1962 

TRU Engineering H o u r s  

Current 
!@nth 

177.0 

TRW Costa and Commitments $2,770 

Subcontractor Costs and Comiitments lO,m6 

Total 
To Date 

1132.5 

71,866 
$90,447 
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